Abstract
Introduction
The increasing prevalence of obesity in three nationwide Brazilian surveys over the last 20 years 1 and the high prevalence of chronic diseases associated with obesity, such as stroke 2 , diabetes 3 , and cardiovascular diseases 4 suggest a significant burden of disease from overweight in the country. Monteiro et al. 5 identified clear changes from undernutrition to overnutrition between 1975 and 1996 in Brazil, but few studies have evaluated the implications of overweight for the national health systems of Latin America countries. A population-based survey conducted in the South of Brazil among individuals aged 20-69 years estimated that treatment for hypertension consumes approximately 23% of per capita income for hypertensive individuals 6 . The total estimated annual cost associated with diabetes in Latin America in 2000 was US$65,216 million 7 , but there are no overall figures for the burden of overweight.
Economic studies on the costs of obesity in developed countries suggest that preventing weight gain may help contain the rapidly rising healthcare costs 8 . Reviews of cost-of-illness studies on obesity indicate that the annual burden represented 5.5 to 7.8% of healthcare expenditure in the 1990s 9 , and a more recent analysis of 10 studies reported that the burden of obesity for national health systems accounts for 5.5-7.0% of national health expenditures in the United States and 2.0-3.5% in other developed countries 10 . Indeed, Sturm & Wells 11 and Sturm 12 reported that obesity-related morbidity is greater than that associated with smoking, drinking, or poverty in the United States.
Although the burden of obesity and associated medical conditions varies across studies, the direct monetary implications of obesity for healthcare expenditures are based on the fact that overweight and obesity are known risk factors for highly prevalent conditions such as cardiovascular diseases, hypertension, and type 2 diabetes. Indirect costs of obesity to society come from losses in productivity due to morbidity and mortality, while intangible costs include poorer health-related quality of life such as social rejection, commuting difficulties, and psychological problems.
Brazil's National Healthcare Expenditure System (SIH-SUS) 13 covers more than 70% of all hospitalizations, but there are no longitudinal data on the risk of hospitalization or overall illness associated with obesity in the country. We thus estimated the burden of hospitalization associated with overweight and obesity, assuming that the relative risk of developing medical conditions associated with obesity and overweight in large cohorts of developed countries was similar to the risk of being hospitalized for these conditions in Brazil.
Material and methods

Design and subjects
The SIH-SUS covers 75.5% of all hospitalizations in the country according to the National Household Sample Survey (PNAD 1998) 14 . Individual records in the SIH-SUS include the main cause of hospitalization, length of stay, age, and sex. The database also includes the values reimbursed to the hospital for each cause of hospitalization or procedures. Throughout the paper these will be referred to jointly as cost of hospitalization.
Diseases used in our analysis were those with well-established epidemiological associations with obesity 1, 2, 3, 4 . For the year 2001 we counted all hospitalizations and all days of hospitalization with the following main three-digits diagnoses 15 : obesity (E66), diabetes (includes 1 and 2 as in the database) (E10 and E11), hypertension (I10), cholelithiasis (K80) and cholecystitis (K81), myocardial infarction (I21), other ischemic heart diseases (I24), stroke (I64), and colon cancer (C18), for both men and women 20 to 60 years of age. Three-digit diagnoses have greater reliability than those with four digits 16 . Individuals more than 60 years of age were excluded from the analysis for three reasons: (1) Calculation of relative risk was based on middleaged individuals from large cohorts 17, 18, 19 ; (2) Since obesity is a recent public health problem in Brazil, older people may still not have suffered the chronic consequences of obesity 1 ; and (3) With aging, overweight tends to become relatively less important as a cause of mortality 20 .
Prevalence of obesity and overweight
Data on prevalence of obesity and overweight were based on the World Health Organization (WHO) 21 definition and obtained from a Brazilian nationwide survey on living standards (PPV) in 1996-1997 22 . Body mass index (BMI) of 25-29.9kg/m 2 was classified as overweight and ≥ 30kg/m 2 was classified as obese. The PPV is a probabilistic multistage household survey that was based on the World Bank design for the international survey on living standards. Weight and height were measured at the subject's home using standard methods.
Analytical procedures
The attributable fraction of hospitalization associated with obesity and overweight-related diseases was based on the incidence observed in large cohorts from the United States and Europe, which presented data broken down by BMI. The nurses' cohort and health professional cohort 18 estimated risks were chosen preferentially when they were not far from other cohorts, because the reports from these two cohorts show a 10-year risk of developing all of the diseases we were investigating. Also, for both cohorts, risk values were presented by sex and BMI category, which allowed weighted calculations of the sex-specific relative risk of illness associated with BMI, further explained in this section. Gallstone relative risk was estimated based on NHANES I follow-up data, which is a population-based cohort from the United States 17 ; for hypertension, the relative risks of two large studies were combined 19, 23 .
The odds ratio of the nurses' cohort and health professional cohort for diabetes, cholelithiasis and cholecystitis, colon cancer, heart disease, and stroke for both cohorts were adjusted for age, smoking, and race 18 , and our study transformed them into relative risks 24 . Weighted sex-specific relative risks were averaged to estimate the overall RR for BMI ≥ 30, using the RR for BMI 30-34.9 and BMI ≥ 35. Weighted RR was chosen because the prevalence and relative risks showed large differences with increasing BMI. Obesity and overweight prevalence rates (P) were obtained from the latest Brazilian survey (PPV) 22 . The population-attributable fraction (PAF) for obesity was computed for each disease condition, using the formula: (P) (RR -1)/ [P (RR -1) + 1] ( Table 1 ). The PAF for each disease studied was multiplied by the total cost of the disease.
Results
Overweight prevalence was approximately 30% in both sexes, and obesity was twice as frequent in women (13%) than in men (7%). Diabetes showed the greatest population-attributable risk (PAR): 38% for overweight and 28% for obesity among men, and about 40% for both BMI categories among women. For cholelithiasis and cholecystitis, PAR was more than twice as great for women than for men, and for both sexes the attributable risks for most diseases were greater for overweight than for obesity ( Table 1) .
The all-cause hospitalization rate was 4.1% in men and 4.2% in women. These values were lower than the overall hospitalization rate found in a population-based survey in the city of Rio de Janeiro in 1996 25 (5% for men and 5.8% for women). The main causes of hospitalization in Brazil were respiratory tract (32%), all cardiovascular (20%), digestive tract (18%), and infectious diseases (16%) (data not shown).
The estimated hospitalization rate attributable to overweight (per 100,000) was 60.7 for men and 107.2 for women; for obesity, the figures were 37.5 for men and 130.8 for women (Table 2 ). Total hospitalizations in Table 2 correspond to 6.8% of all admissions for men and 9.3% for women. An- Table 1 Frequency of body mass index (BMI) (%), relative risk (RR), and weighted relative risk (WRR) for BMI categories, and population-attributable risk (PAR) for diseases associated with overweight (BMI = 25-29.9kg/m 2 ) and obesity (BMI > 30kg/m 2 ). nual workdays lost due to hospitalization attributable to overweight/obesity was estimated by multiplying average length of stay by the number of cases of disease attributable to overweight/ obesity. The greatest loss was due to diabetes, and the workdays lost in 2001 totaled 289,625 for men and 795,324 for women (Table 2) . More than half of hospitalization costs were due to myocardial infarction and other ischemic heart diseases ( Table 3 ). The largest proportion of costs was attributable to overweight for both men and women, and costs for women were greater than for men. Overall costs of overweight and obesity accounted for 3.02% (1.94 + 1.08) of total hospitalization costs in men 20-60 years of age and 5.83 % in women (Table 3) .
BMI
Discussion
Although obesity is now recognized as a major public health problem in developing countries, the impact of overweight and obesity on healthcare costs has not been evaluated.
Our attempt to quantify the burden of overweight/obesity in Brazil used national data on hospitalizations. Other studies have used hospitalization rates to estimate disease burden. For example, the United States National Hospital Discharge Survey data were used to analyze changes in obesity-associated diseases and economic costs in youth. Diabetes, obesity, sleep apnea, and gallbladder disease were examined to explore the trend in burden of the disease listed as primary or secondary diagnosis. During this period, the percentage of discharges with diabetes nearly doubled, obesity and gallbladder diseases tripled, and sleep apnea increased fivefold, with annual hospital costs increasing more than threefold 26 .
Hospitalizations were also analyzed in a population-based study in the United States, where five classifications of overweight, based on BMI, were compared for their ability to predict subsequent all-cause hospitalization and mortality. In this analysis, the WHO classification of overweight was a better predictor of 12-year hospitalization than a death predictor, with a populationattributable risk of hospitalization of 3.4% in men and 3.9% in women 27 .
The present study used a prevalence-based burden-of-obesity approach, assuming relative risks associated with overweight/obesity from secondary sources. A similar but hypothetical analysis for a large managed care plan in the Pacific Northwest region of the United States estimated the economic burden of diseases for which obesity is an established risk factor, such as coronary heart disease, hypertension, hypercholesterolemia, gallbladder disease, stroke, type 2 diabetes, osteoarthritis of the knee, and endometrial cancer. Results of the study, which included individuals 35 to 84 years of age, showed that obesity accounted for ap- Table 2 Number of hospital discharges, average length of stay, and estimated rate of hospitalization attributable to overweight and obesity-related diseases in Brazil.
National Healthcare Expenditure Database (SIH-SUS) 13 . all hospitalization in Rio de Janeiro, men were at lower risk than women 25 , but overall mortality and obesity-related mortality were higher among men 29 . Therefore, hospitalization rates associated with overweight/obesity among men may underestimate the burden of overweight/obesity. Other possible limitations of the study involve the quality of the SIH-SUS data due to: (1) incorrect information registered on medical records; (2) incomplete data; (3) lack of training and unfamiliarity with coding rules among hospital employees; and (4) the fact that principal diagnoses may have been picked based on the amount of reimbursement for them 16, 30, 31 . In addition, since no data are available on relative risks based on Brazilian cohorts, attributable risks may not reflect the burden of the diseases in the country. We chose the relative risk associated with overweight and obesity from United Stares cohorts 18 , and these values are quite similar to the Europe figures 19, 23 . However, in the United States, obesity is less associated with mortality among blacks 20 as compared to whites, an improximately 45% of all cases of hypertension, 85% of type 2 diabetes, 18% of hypercholesterolemia, and 35% of coronary heart disease, with costs attributable to obesity reaching 41% of total healthcare costs 28 . Our results are less striking than the estimated burden of obesity in this managed care setting, but are still substantial considering that the nutritional transition in Brazil is still under way. Obesity prevalence in Brazil is less than one-fourth that of the United States, but Brazilian surveys have shown a greater and increasing prevalence of overweight and increasing prevalence of obesity 1 . Our results thus indicate that the burden and costs associated with overweight are greater than the burden of obesity, mainly for men. Among women, costs associated with obesity and overweight were nearly the same.
Hospitalization was used as a proxy for morbidity in the present analysis, because it has the advantage of using an inclusive national database in Brazil, although also displaying important limitations. First, as shown by data on over- Table 3 Direct costs (US$) of hospitalizations and estimated percentages attributable to overweight and obesity among adults 20 to 60 years of age in Brazil.
National Healthcare Expenditure Database (SIH-SUS) 13 . portant consideration given the extensive racial admixture in Brazil. Additionally, for several reasons, this study represents a conservative estimate of the burden associated with obesity. First, some important obesity-related diseases were not included in the database search, including several types of cancer other than colon cancer. Second, if the age range were extended beyond 60 years, a significant increase in hospitalization would be expected.
Despite these methodological limitations, our study indicates that overweight and obesity have an important impact on hospitalization in Brazil, representing a major share of total healthcare costs and more than a million workdays lost in 2001.
The percentage of costs, as previously discussed, tends to be underestimated, but the Brazilian costs are still within the range observed in other studies 8 . The estimated direct cost attributable to obesity (BMI ≥ 30kg/m 2 ) in a French national survey was 0.7 to 1.5% of total health expenditures 32 , and data from developed countries other than the United States indicate expenditure in the 2.0-3.5% range 10 , while our hospitalization data indicated that obesity-related costs accounted for at least 3% of total hospitalization costs in men and 5% in women.
In conclusion, among all hospital discharges in 2001 in Brazil, the proportion of discharges with overweight/obesity-associated diseases had a significant impact, with overweight greater than obesity. These findings may reflect the nutritional transition still under way in Latin American countries and indicate that the burden of these diseases tends to increase due to the growing prevalence and severity of obesity. Also, since the greatest increase in obesity prevalence rates has been reported among lower-income groups in the Brazilian population, the results point to an alarming scenario for the country's healthcare system in the near future. 
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